Aims Proprotein convertase subtilisin/kexin type 9 (PCSK9) has emerged as a therapeutic target for reducing plasma low-density lipoprotein cholesterol. Beyond lipid control, recent findings suggest a deleterious effect of this protein in the pathogenesis of postmyocardial infarction left ventricle remodelling and heart failure-related complications. The aim of this study was to assess the relationship between circulating PCSK9 and 6 month cardiac magnetic resonance imaging-derived left ventricular ejection fraction (LVEF) after a first ST-segment elevation myocardial infarction (STEMI).
Introduction
Inhibition of proprotein convertase subtilisin/kexin type 9 (PCSK9) has emerged as a novel and effective therapy for treating hypercholesterolemia. 1 Some experimental evidence suggests that PCSK9 is up-regulated in vascular smooth muscle cells and ischemic hearts, playing a potential pathogenic role in infarct size, cardiac function, and autophagy. 2, 3 In addition, recent clinical evidence indicates that plasma PCSK9 is positively related to a higher risk of adverse events in a large cohort of patients with acute heart failure with predominantly left ventricular systolic dysfunction and ischemic heart disease. 4 In this study, we sought to evaluate the relationship between PCSK9 levels 24 h after primary percutaneous coronary intervention and 6 month left ventricular ejection fraction (LVEF) assessed by cardiac magnetic resonance (CMR).
Material and methods

Study population
This study stems from a prospective observational study carried out from June 2009 to December 2010 that included 203 consecutive patients with a first ST-segment elevation acute myocardial infarction (STEMI) in which a CMR at 1 week and 6 months was performed. 5, 6 In a subgroup of this cohort (those with LVEF < 50% at 1 week CMR), PCSK9 levels were analysed from frozen samples. After applying the exclusion criteria (Figure 1) , the final sample included 40 patients.
Baseline characteristics were recorded prospectively in all cases at admission. Informed consent was obtained from each patient. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the institution's human research committee.
Biomarker assays
Manipulation and storage of samples were performed for expert investigators. Blood samples were isolated 24 h after coronary revascularization, centrifuged at 2300 rpm for 15 min, and serum was immediately refrigerated at À80°C under the strict control of the temperature. PCSK9 and soluble interleukin-1 receptor-like 1 (ST2) were measured using the Proseek Multiplex CVD III panel (Olink Proteomics AB, Uppsala, Sweden) 7 and a high-sensitivity monoclonal sandwich immunoassay (Critical Diagnostic Presage ST2 assay), respectively, according to the manufacturers' instructions.
Cardiac magnetic resonance imaging
Detailed information about the CMR technique is described in Supporting Information, File S1. 5 Briefly, 1 week and 6 month LVEF were calculated using manual planimetry of endocardial and epicardial borders on short-axis cine images. Infarct size was assessed as the percentage of left ventricular mass with late gadolinium enhancement. Intraobserver and interobserver variability for all CMR indices analysed in the present study were previously evaluated and reported by our group as being less than 5%. 5
Endpoint
The CMR-derived LVEF at 6 months was selected as the endpoint of this study.
Statistical analysis
Continuous variables were expressed as the mean ± 1 SD or median (interquartile range) when appropriate. Discrete variables were summarized as percentages. Baseline characteristics were compared across median values of PCSK9. The association between PCSK9 levels and LVEF at 6 months was evaluated by analysis of covariance. For multivariate regression analyses, candidate covariates were chosen based on previous medical knowledge, independent of their P value. A reduced and parsimonious model was derived using backward stepwise selection. During this selection process, the linearity assumption for continuous variables was tested and transformed, if appropriate, with fractional polynomials. 8 The following covariates were included in the final analysis of covariance model: 1 week CMR-derived LVEF, age, gender, infarct size at 1 week CMR, ST2, and low-density lipoprotein (LDL) cholesterol. Moreover, the regression model was clustered on statin treatment in order to capture potential differences in the association between PCSK9 and LVEF at 6 months driven by this treatment.
A two-sided P value < 0.05 was considered significant for all analyses, which were performed using STATA 15.1.
Results
The mean age of the sample was 60 ± 12 years, and 33 (82.5%) were male patients. The infarct location was anterior in 27 patients (67.5%), and 9 patients (22.5%) were Killip class ≥ II. The mean LVEF at 1 week was 41 ± 7%. Mean PCSK9 was 1.93 ± 0.38 U/mL.
The baseline characteristics of patients with PCSK9 values below and above the median (1.94 U/mL) are presented in Table 1 . Patients with PCSK9 above the median exhibited no relationship with a worse baseline risk profile except for higher rates of dyslipidemia and prescription of statins.
Proprotein convertase subtilisin/kexin type 9 and 1 week cardiac magnetic resonance parameters
For the CMR imaging variables at 1 week, no significant differences were found across median PCSK9 values and LVEF, left ventricular end-diastolic volume index, left ventricular end-systolic volume index, microvascular obstruction, and infarct size ( Table 1) . PCSK9 values did not correlate with LVEF (r = 0.20, P = 0.206), left ventricular end-diastolic volume index (r = 0.02, P = 0.895), left ventricular end-systolic volume index (r = 0.14, P = 0.384), microvascular obstruction (r = 0.20, P = 0.207), or infarct size (r = 0.29, P = 0.073).
Proprotein convertase subtilisin/kexin type 9 and 6 month left ventricular ejection fraction
Compared with baseline, the mean LVEF significantly increased from 41 ± 7% to 48 ± 10% (P < 0.001) at 6 months. PCSK9 values were inversely related to 6 month LVEF (r = À0.35, P = 0.028). The mean PCSK9 values were significantly higher in patients with LVEF < 50% at 6 months (2.06 ± 0.29 vs. 1.80 ± 0.41 U/mL, P = 0.028). After multivariate adjustment including well-established determinants of left ventricle remodelling (1 week LVEF, infarct size, and ST2 levels) and potential confounders (age, gender, lipoprotein status, and statin treatment), circulating PCSK9 remained significant and inversely associated with 6 month LVEF (P = 0.002; Figure 2 ).
Discussion
In this cohort of patients with a first STEMI and reduced ejection fraction at 1 week, we found an independent association between PCSK9 levels and 6 month CMR-derived LVEF. This association was independent of crucial determinants of left ventricle remodelling (1 week CMR-LVEF, infarct size, and ST2) and important potential confounders.
Proprotein convertase subtilisin/kexin type 9 as a marker of left ventricular remodelling and heart failure-related complications
PCSK9 is a well-established target for treating hypercholesterolemia and atherosclerosis progression. 1, 9 Although the major source of PCSK9 is the liver, in a recent experimental study in mice and explanted human hearts, Ding et al. reported that PCSK9 is up-regulated in the zone bordering the infarct area and determines, at least in part, infarct size, cardiac function, and autophagy. 3 The same group reported that PCSK9 is highly expressed in vascular smooth muscle cells, and its expression and development of autophagy are regulated by well-known inflammation mediators, such as lipopolysaccharide, tumour necrosis factor α (TNFα), and reactive oxygen species. 2, 10, 11 Other authors have also reported PCSK9 is associated with the inflammatory response. 12 Ricci et al. showed, in a recent report, that human recombinant PCSK9 drives an inflammatory response on macrophages by inducing the pro-inflammatory cytokines TNFα, interleukin-1, and interleukin-6, and the chemokines monocyte chemoattractant protein-1 and C-X-C Motif Chemokine Ligand 2 (CXCL2). In addition, they reported a positive correlation between PCSK9 and TNFα plasma levels of healthy subjects. These authors suggest the proinflammatory action of PCSK9 on macrophages is mainly dependent on the LDL receptor . 12 Moreover, a role of PCSK9 on pathogen lipids (such as lipopolysaccharide) removal regulation has also been suggested; thus, reduced PCSK9 function should be associated with increased pathogen lipid clearance via the LDL receptor, a decreased inflammatory response, and improved septic shock outcome. 13 In agreement with prior postulates, plasma PCSK9 was significantly associated with a higher risk of mortality and/or heart failure-related readmission beyond well-known prognosticators in a large European cohort including 2174 patients with acute heart failure with predominant ischaemic aetiology and left ventricular systolic dysfunction. 4 Thus, and in agreement with our findings, we postulate up-regulation of PCSK9 during an acute myocardial infarction may be implicated on pathophysiological processes causally linked to adverse remodelling, such as inflammation and/or autophagy.
Proprotein convertase subtilisin/kexin type 9 as a potential therapeutic target for preventing left ventricular remodelling
Several effects of PCSK9 antibodies have been postulated in patients with acute coronary syndromes. In addition to the reduction of LDL cholesterol, PCSK9 antibodies would contribute to plaque stabilization via several mechanisms. 9, 14 However, a direct myocardial effect can also be envisioned. Glick et al. found that treatment of primary cardiomyocytes with recombinant mPCSK9 resulted in prompt expression of well-known markers of autophagy. Interestingly, PCSK9 inhibition was associated with the attenuation of these markers. 15 Moreover, Ding et al. reported that PCSK9 inhibition in mice by chemical inhibitors or gene deletion results in a significant improvement in infarct size and cardiac function, with a significant decrease in autophagy activity. 3 In view of the available data, and accordingly to our results, we hypothesize that, in patients with STEMI, treatment with PCSK9 inhibitors might play a role by limiting adverse left ventricular postmyocardial infarction remodelling beyond its beneficial effects on the lipid profile and plaque stabilization. These myocardial effects could also explain part of the beneficial clinical effects found with PCSK9 inhibitors. 1 Further studies are warranted to test this hypothesis. 
Limitations
This study has some limitations. First, as this is an observational study, we cannot rule out selection bias or the absence of unmeasured confounding factors. Second, as no serial PCSK9 measurements were performed, we could not evaluate the significance of changes over time. However, available data in mice in the context of coronary artery disease show that the plasma PCSK9 concentration is mostly elevated in the early hours after onset of acute coronary syndrome. 3
Conclusion
In patients with a first STEMI with LVEF < 50% and treated with primary percutaneous coronary intervention, PCSK9 levels in the acute phase predict the LVEF at 6 months. Further studies are warranted to confirm these findings and to explore the causative role of PCSK9 in post-STEMI ventricular remodelling and its potential as a therapeutic target.
